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Clinical Significance
 Current smoking increases the risk of hospitalization for sciatica by 33%, whereas past smokers are no longer at increased risk.
 Obesity defined by body mass index increases the risk of hospitalization for sciatica by 36% and abdominal obesity defined by waist circumference increases the risk by 41%.
 Walking or cycling to work reduces the risk of hospitalization for sciatica by 33%.
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Sciatica involves pain that radiates from the lower back along the sciatic nerve to the back of the thigh and down the leg, and is accompanied by clinical findings suggestive of compression or irritation of the lumbosacral nerve root. 1 2 A herniated lumbar disc with nerve root compression is the most common cause of sciatica. 1 2 The prevalence of clinically verified sciatica in the general population ranges between 2% and 5%. [3] [4] [5] Sciatica is a more persistent and disabling condition than other low back syndromes. 6 The majority of sciatica cases are, however, treated conservatively and only a small proportion of the cases eventually need surgery. 1 2 7 In general, sciatica is a relatively uncommon cause for hospitalization. [8] [9] [10] Among metal industry workers, 4.4% of men and 5.9% of women had been hospitalized for cervical, thoracic or lumbar intervertebral disc disorder during a 27-year follow-up. 8 Moreover, among male construction workers 0.8% had been hospitalized for lumbar disc disease during a 16-year follow-up, 10 and among men working in private or public companies, 1.7% had been hospitalized for a herniated lumbar disc during a 33-year period. 9 The etiology of sciatica is multifactorial. 1 Of lifestyle risk factors, overweight and obesity, 11 and smoking 12 increase the risk of sciatica, but the role of leisure-time physical activity in sciatica is uncertain. 13 A meta-analysis 11 showed that overweight increases the risk of clinically verified sciatica by 12% and hospitalization for sciatica by 16%. For obesity the excess risk is 31% for sciatica and 38% for hospitalization due to sciatica. Moreover, another meta-analysis 12 found that current smoking increases the risk of clinically verified sciatica by 35% and hospitalization or surgery due to sciatica by 45%. Smoking cessation reduces the excess risk, and past smokers are 9-10% more likely to have sciatica than never smokers. 12 Furthermore, a recent meta-analysis of a limited number of prospective cohort studies found that a high level of leisure-time physical activity protects against lumbar radicular pain by 16%. Leisure-time physical activity had, however, no protective effect on clinically verified sciatica. 13 
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Most of the previous studies on the role of lifestyle risk factors in clinically verified sciatica used a cross-sectional design, or were case control studies conducted among selected populations. The previous systematic reviews [11] [12] [13] identified only a limited number of prospective cohort studies on this topic. There may be reverse causation between leisure-time physical activity and sciatica.
Individuals with lumbar radicular pain may limit their leisure activities because of fear of pain.
14 Cross-sectional studies are more prone to reverse causation than prospective cohort studies.
Moreover, there is a vicious circle between obesity and physical inactivity. 15 Physical inactivity contributes to weight gain and decreased level of physical activity can be a consequence of obesity. 15 A prospective cohort study found that physical inactivity increases the risk of lumbar radicular pain in abdominally obese individuals, but not in persons with normal waist circumference. 16 It is unknown whether overweight or obesity modifies the effect of leisure-time physical activity on sciatica. The aim of this study was to investigate the effects of lifestyle risk factors on hospitalization for sciatica by conducting an individual participant data meta-analysis of four prospective cohort studies. Furthermore, we determined whether overweight or obesity modifies the effect of leisure-time physical activity on hospitalization for sciatica. 19 The register linkages were made for those with a written consent for combining their survey responses with the register data (74%). 19 20 The participants (n=25) who had been hospitalized for sciatica four years before the baseline study were excluded from the analysis, leaving 6288 participants with data on variables of interest. The participants were followed-up until December 31, 2013. The ethics committees of the health authorities of the City of Helsinki, and the Department of Public Health, University of Helsinki approved the study.
Methods

Population
Young Finns Study:
The baseline study included children and adolescents aged 3, 6, 9, 12, 15, or 18 years (N=4320) living in five Finnish university cities in 1980 (N=3596, response rate=83%). 21 The follow-up studies were carried out in 1983, 1986, 2001, 2007 and 2011 . The baseline population for the current study included 2620 participants (73% of those who participated at baseline) who took part in the 2001 follow-up study. 21 The age of the participants ranged between 24 and 39 at baseline in 2001. Twenty-one participants who had been hospitalized for sciatica four years before the baseline study in 2001 were excluded from the analysis. Finally, 2545 participants were included in the current study and were followed-up until December 31, 2014. The study protocol was approved by the local ethics committees and all participants gave a written informed consent.
Outcome
The data on hospitalizations for sciatica were obtained for all cohorts from the Finnish Hospital Discharge Register covering all Finnish hospitals. The register is held by the National Institute for Health and Welfare. In all four studies, the following five ICD-10 codes on sciatica were included:
1) M511 lumbar and other intervertebral disc disorders with radiculopathy; 2) M512 other specified intervertebral disc displacement; 3) M543 sciatica; 4) M544 lumbago with sciatica; and 5) G551 nerve root and plexus compressions in intervertebral disc disorders. Additionally, in the Mobile Clinic Survey the data on sciatica before 1996 were based on the following ICD-8 codes (353.99, 725.10 and 725.19) and ICD-9 codes (7225A, 7227C and 7228C).
Independent variables
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Information on age, sex, education, occupation or exposure to physical workload factors, smoking, 
Statistical analysis
We defined overweight as body mass index (BMI) value between 25.0 and 29.9 kg/m 2 and obesity as BMI value >30 kg/m 2 . We also defined overweight as waist circumference between 94 and 101.9
cm for men and between 80 and 87.9 cm for women, and abdominal obesity as waist circumference >102 cm for men and ≥ 88.0 cm for women. 23 We ran Cox proportional hazards regression models.
The data on deaths during the follow-up periods were obtained from Statistics Finland. Participants who died during the follow-up periods were censored. For the Health 2000 Survey, we conducted a survey data analysis using Stata's svy prefix command. In all studies we controlled the estimates for age, sex, education, occupation or exposure to workload factors, smoking, overweight and obesity, leisure-time physical activity, and low back pain at baseline. Age did not modify the association between lifestyle factors and hospitalization for sciatica. Furthermore, the Helsinki Health Study and the Young Finns Study did not have statistical power for sex-specific analysis. We therefore did not perform age-or sex-specific analyses in each individual study. We performed stratified analyses to determine whether overweight or obesity modifies the effect of leisure-time physical activity on hospitalization for sciatica. We tested for violation of proportional hazards assumption, and the analyses were conducted in the absence of violation. We used a two-stage random-effects individual participant data meta-analysis, 24 assessed the presence of heterogeneity across the studies by the I 2 statistics. 25 We used Stata, version 13, and SAS, version 9.4 for the analyses.
Results
The characteristics of the included studies are presented in Table 1 . The sample size of the studies ranged between 2545 and 19,343, and the mean follow-up time ranged between 12 and 30 years.
The cumulative incidence of hospitalization for sciatica varied from 0.9% to 4.7%. Altogether, 34,589 participants and 1259 events were included in the individual participant data meta-analyses.
The results of original studies are presented in the supplementary tables S5-S12. An individual participant data meta-analysis (Table 2) showed that overweight/obesity defined either by BMI or waist circumference increases the risk of hospitalization for sciatica after controlling for age, sex, education, occupation, smoking, leisure-time physical activity and low back pain at baseline. The included studies, however, showed inconsistent results on the association between obesity defined by BMI and sciatica. There were only three events in obese participants in the Helsinki Health Current smoking at baseline increased the risk of hospitalization for sciatica by 33% (CI 13-56%), whereas past smokers were no longer at increased risk. Commuting to work by walking or cycling reduced the risk of hospitalization for sciatica by 33% (CI 4-53%), while other types of leisure activities had no significant effect on hospitalization for sciatica ( Table 2 ). The protective effect of commuting to work by walking or cycling on sciatica was independent of body weight and other leisure-time physical activities, whereas other leisure-time physical activities had no significant effect on hospitalization for sciatica in either normal weight or overweight/obese persons (Table 3) .
Discussion
This individual participant data meta-analysis suggests that current smoking and obesity increase the risk of hospitalization due to sciatica by 33-41%, and commuting to work by walking or cycling protects against hospitalization for sciatica by about 33%. Other leisure-time physical activities had no significant effect on hospitalization for sciatica.
The findings of the current study are in line with our earlier meta-analyses. [11] [12] [13] The effect sizes are also similar to those of the meta-analyses. However, the previous studies were mostly crosssectional or case control studies and only a limited number of cohort studies focused on clinically verified sciatica. Additionally, we found that walking or cycling to work, independent of body weight and other leisure activities, protects against hospitalization for sciatica. In our earlier metaanalyses 13 26 we found that moderate or high level of leisure-time physical activity protects against lumbar radicular pain 13 and chronic low back pain 26 by 11-16% only, supporting the current result that the protective effects of physical activity on most low back outcomes are only minor.
We found no association between overweight/obesity and hospitalization for sciatica in the Helsinki Health Study. The finding can be due to selection bias. It could also be a chance finding as the number of events was low. The rate of sciatica was, nonetheless, lower than expected in the study population. The cumulative rate of sciatica was 2.0% in all the 41,495 employees of the City of Helsinki aged 40 or older during a 13-year follow-up, while the rate was only 0.9% in the current study population. This suggests that the employees at lower risk of sciatica have been recruited into the study. However, our analysis showed that overweight or obese employees were more likely to consent to register linkage. Furthermore, in this female-dominated study weight and height were self-reported. Women underreport their weight and overreport their height, resulting in an underestimation of BMI 27 and diluting the association between overweight/obesity and hospitalization for sciatica.
Mechanisms
In our earlier reports [11] [12] [13] we discussed some possible underlying mechanisms through which lifestyle risk factors contribute to sciatica. Smoking reduces perfusion around the intervertebral discs, 28 29 increases production and release of inflammatory cytokines in intervertebral discs, 30 31 slows down healing process, 32 and causes intervertebral disc degeneration. 31 33 34 Obesity may be involved in the development of sciatica by increasing the secretion of leptin and inflammatory mediators from excess adipose tissue, 35 and interfering with the nutrition or healing of the intervertebral discs.
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Walking and cycling to work prevent against sciatica because they are regular low level physical activities that do not strain the lower back, while a moderate level of other leisure-time physical activities may include sports that strain the lower back, 37 particularly in individuals who occasionally practice them. Regular walking or cycling to work has also a favorable effect on body fat mass.
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Strengths and limitations
This study had several strengths. First, three of the included studies were population-based, and one was focused on an employed population subsample. Second, the response rate to the baseline survey was high in the three studies, and they can therefore be considered representative samples of their target populations. Third, height and weight were measured in all but one study. Fourth, we used national administrative register data to similarly and objectively define sciatica in all four cohorts.
The outcome was based on comparable and international ICD codes, and were derived from the same register data holder. Fifth, using register data avoided loss to follow-up. This register covers almost all Finland and the accuracy of the codes is in general good. 39 Sixth, in all studies we were able to exclude the sciatica cases that had been hospitalized four years before the baseline surveys.
The study had also some limitations. First, none of the studies objectively measured physical activity at baseline. The included studies used somewhat different questions to assess the level of leisure-time physical activity. Moreover, commuting to work could not be distinguished from other leisure-time physical activities in two studies, and only one study collected data on the intensity of physical activity. Second, two studies had low statistical power and we were not able to conduct a reliable sex-specific analysis. Third, the coverage of the Finnish Hospital Discharge Register has been above 80%, 39 and improved to above 95% only in more recent years. 39 Fourth, the two largest studies assessed physical activity, and measured weight and height at one point in time only. We were therefore unable to consider changes in the risk factors during the relatively long follow-up period. Some participants may have increased or decreased their level of physical activity, and some overweight participants at baseline may have gained more weight and become obese, and alternatively some obese participants might have lost weight during the follow-up period. 
Conclusions
